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ond resistor (52). Because the resistance of the first 
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a difference between the two currents indicates a differ- 
ence between the voltages of the two battery cells (12 
and 42). If a current difference larger than a predeter- 
mined limit is detected, the battery cell (1 2 or 42) with a 
higher voltage is discharged through a corresponding 
discharge resistor (14 or 44) by switching on a corre- 
sponding switch (16 or 46). The corresponding switch 
(16 or 46) is controlled by a corresponding flip-flop (32 
or 62). 
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Description 

Background of the Invention 

The present invention relates, in general, to balanc- 
ing power sources, and more particularly, to equalizing 
the voltages of battery cells in a series combination. 

Battery cell balancing is required in lithium battery 
technology. As a battery pack of lithium battery cells in 
a series combination undergoes a number of charging 
and discharging cycles, a voltage difference is devel- 
oped among the battery cells because each lithium bat- 
tery cell has its own distinct charging and discharging 
characteristics. The voltage difference creates an imbal- 
ance condition among the battery cells, which leads to 
the loss of capacity in the battery pack 

In one approach for avoiding the loss of battery 
capacity, the battery cells in a t>attery pack are balanced 
during a charging process. The voltages of the battery 
cells in a battery pack are compared with one another 
when any one battery cell in the battery pack is meas- 
ured as having a voltage equal to or greater than a pre- 
determined over voltage limit If all battery cells are at 
the over voltage limit, the battery cells in the battery 
pack are considered as being in balance. Othenwise. the 
battery cell having the highest voltage is discharged for 
a predetermined time duration. This approach does not 
allow the use of the battery pack while the battery cell Is 
being balanced because the charging process must dis- 
continue when any one battery cell is at the over voltage 
limit. Therefore, this approach does not provide for unin- 
terrupted use of the battery pack. 

Accordingly, It would be advantageous to have a 
battery t^alanclng circuit and a method for balancing 
battery cells In a battery pack while the battery pack Is 
idle, being charged, or being discharged, thereby pro- 
viding for an uninterrupted use of the battery pack. It 
wouM be of further advantage to have a battery balanc- 
ing circuit that does not drain the battery power while 
the balancing function is disabled. 

Brief Description of the Drawings 

FIG. 1 is a schematic diagram of a power source 
balancing circuit in accordance with an embodi- 
ment of the present invention; and 
FIG. 2 is a timing diagram for bias, clock, and reset 
signals used In operating the power source balanc- 
ing circuit of FIG. 1. 

Detailed Description of the Drawings 

Generally, the present invention provides a circuit 
and a method for electrically balancing power sources. 
More particularly, power sources, such as battery cells 
In a battery pack, are balanced by monitoring the volt- 
ages of tiie battery cells and discharging the battery cell 
having the highest voltage relative to other battery cells 
in tiie battery pack. 


FIG. 1 is a schematic diagram of a power source 
balancing circuit 10 in accordance with an embodiment 
of the present invention. Power source balancing circuit 
10 monitors and balances tine voltages of two power 
5 sources. By way of example, tiie two power sources are 
two battery cells, 12 and 42, configured such tfiat a neg- 
ative electrode of battery cell 12 is connected to a posi- 
tive electrode of battery cell 42. 

Power source balancing circuit 10 Includes two dis- 
10 charge resistors, 1 4 and 44, and two insulated gate field 
effect transistors (FETs). 16 and 46. FET 16 serves as 
a discharge switch that completes a current path for dis- 
charging battery cell 12. A source electrode of FET 16 
Is connected to the negative electi'ode of battery cell 1 2. 
15 A drain electrode of FET 16 Is coupled to a positive 
electrode of battery cell 12 via discharge resistor 14. 
FET 46 serves as a discharge switch tiiat completes a 
current path for discharging t)attery cell 42. A source 
electrode of FET 46 Is connected to a negative elec- 
ta trode of battery cell 42. A drain electrode of FET 46 is 
coupled to tiie positive electrode of battery cell 42 via 
discharge resistor 44. It should be understood that the 
discharge switches are not limited to being insulated 
gate field effect transistors. Any switching device that is 
25 capable of being switched on and off via a control signal 
can replace FET 16 or FET 46. Some examples of such 
a switching device include bipolar transistors, metal 
semiconductor field effect transistors, and tiie like. As 
those skilled in tine art are aware, when using a field 
30 effect transistor as a switch, a gate electrode of the field 
effect transistor serves as a control electrode of the 
switch, and source and drain electrodes of the field 
effect transistor serve as current conducting electrodes 
of the switch. 

35 Power source t)alancing circuit 10 also includes a 
balancing element 15 for monitoring battery cell 12 and 
battery cell 42. When an imbalance Is detected, balanc- 
ing element 15 sends a control signal to the gate elec- 
trode of FET 16 or to the gate electrode of FET 46 in 

40 accordance with the voltages of battery cells 1 2 and 42. 
Balancing element 15 includes a sensing element 25 
and a control element 35. Sensing element 25 monitors 
battery cells 12 and 42, and detects an imbalance con- 
dition when one battery cell has a higher voltage than 

45 tiie other. Control element 35 receives signals from 
sensing element 25. If an imt)alance Is detected, control 
element 35 either switches on FET 16 to discharge bat- 
tery cell 12 or switches on FET 46 to discharge battery 
cell 42 depending on the voltage of battery cell 12 rela- 

50 tive to tiie voltage of battery cell 42. If battery cells 12 
and 42 are in balance, control element 35 places botii 
FETs 16 and 46 In non-conductive states. 

Sensing element 25 includes two operational ampli- 
fiers, 18 and 48, each having a non-inverting input, an 

55 inverting Input, an output, and a biasing port. The invert- 
ing input of amplifier 18 serves as a common input of 
sensing element 25 and is connected to the negative 
electrode of battery cell 12. The biasing port of amplifier 
18 is connected to a terminal port 20 for receiving a 
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biasing signal. A resistor 22 has a first electrode con- 
nected to the positive electrode of battery cell 12 and a 
second electrode connected to the non-inverting input 
of amplifier 18. The first electrode of resistor 22 serves 
as a first input of sensing element 25. The inverting 
input of amplifier 48 is connected to the common input 
of sensing element 25 and to the positive electrode of 
battery cell 42. The biasing port is connected to terminal 
port 20 for receiving the biasing signal. A resistor 52 has 
a first electrode connected to the negative electrode of 
battery cell 42 and a second electrode connected to the 
non-inverting input of amplifier 48. The first electrode of 
resistor 52 serves as a second input of sensing element 
25. The resistance of resistor 22 is designed to be equal 
to the resistance of resistor 52. Sensing element 25 fur- 
ther includes two current mirrors. The first current mirror 
includes three n-channel FETs, 24, 28, and 28. FET 24 
has a gate electrode connected to the output of ampli- 
fier 18, a source electrode connected to the negative 
electrode of battery cell 42. and a drain electrode con- 
nected to the non-inverting input of amplifier 18. FET 26 
has a gate electrode connected to the gate electrode of 
FET 24, a source electrode connected to the source 
electrode of FET 24, and a drain electrode serving as a 
first output of sensing element 25. FET 28 has a gate 
electrode connected to the gate electrode of FET 24, a 
source electrode connected to the source electrode of 
FET 24, and a drain electrode serving as a second out- 
put of sensing element 25. The second current mirror 
includes three p-channel FETs. 54, 56, and 58. FET 54 
has a gate electrode connected to the output of ampli- 
fier 48, a source electrode connected to the positive 
electrode of tottery cell 12, and a drain electrode con- 
nected to the non-inverting input of amplifier 48. FET 56 
has a gate electrode connected to the gate electrode of 
FET 54, a source electrode connected to the source 
electrode of FET 54. and a drain electrode connected to 
the drain electrode of FET 26. FET 58 has a gate elec- 
trode connected to the gate electrode of FET 54, a 
source electrode connected to the source electrode of 
FET 54, and a drain electrode connected to the drain 
electrode of FET 28. It should be understood that the 
structures of the current mirrors in sensing element 25 
are not limited to those illustrated in FIG. 1 . For exam- 
ple, the field effect transistors in the current mirrors can 
be replaced by bipolar transistor circuits. Because FETs 
24, 26, and 28 form a current mirror, they are of the 
same type. Likewise, the three transistors in the second 
current mirror, FETs 54, 56, and 58 are of the same 
type. 

Control element 35 includes an inverter 31, a flip- 
flop 32, and a flip-flop 62. An input of inverter 31 serves 
as a first input of control element 35 and is connected to 
the first output of sensing element 25. Flip-flop 32 has a 
clock input connected to a node 30 for receiving a clock 
signal, a reset input connected to a node 40 for receiv- 
ing a reset signal, a data input connected to an output of 
inverter 31 , and an output connected to a gate electrode 
of FET 1 6. The output of flip-flop 32 serves as a first out- 


put of control element 35. Flip-flop 62 has a clock input 
connected to node 30 for receiving the clock signal, a 
reset input connected to node 40 for receiving the reset 
signal, a data input connected to the second output of 
5 sensing element 25, and an output connected to a gate 
electrode of FET 46. The data input off flip-flop 62 serves 
as a second input of control element 35 and the output 
of flip-flop 62 serves as a second output of control ele- 
ment 35. 

10 FIG. 2 is a timing diagram illustrating the timing 
relationship among a biasing signal 120 such as, for 
example, the current bias of operational amplifiers 18 
and 48 of FIG. 1 , a clock signal 130, and a reset signal 
140. Biasing signal 120 is applied to terminal port 20 of 

15 FIG. 1 . Clock signal 1 30 is applied to node 30 of FIG. 1 . 
Reset signal 1 40 is applied to node 40 of FIG. 1 . Biasing 
signal 120, clock signal 130, and reset signal 140 have 
the same time period of. for example, one second. A 
time ti represents a rising edge of reset signal 140 in a 

20 period. A time t2 represents a rising edge of biasing sig- 
nal 1 20 in the period. A time ts represents a falling edge 
of reset signal 140 in the period. A time t4 represents a 
rising edge of clock signal 130 in the period. A time 
represents a falling edge of biasing signal 120 in the 

25 period. A time te represents a falling edge of clock signal 
130 in the period. A time Xj represents a rising edge of 
reset signal 1 40 in a subsequent period. A time Xq repre- 
sents a rising edge of biasing signal 120 in the subse- 
quent period. A time tg represents a felling edge of reset 

30 signal 140 in the subsequent period. A time t^o repre- 
sents a rising edge of clock signal 130 in the subse- 
quent period. A time t-i^ represents a falling edge of 
biasing signal 120 in the subsequent period. A time ti2 
represents a falling edge of clock signal 130 in the sub- 

35 sequent period. A time interval between time t-i and Xy 
represents the period of the applied signals, e.g., one 
second. Likewise, time intervals between times X2 and 
te. between times X^ and tg, between times t4 and t^o* 
between times ts and t^i. and between times tg and t-12 

40 also represent the period of the applied signals. A time 
interval between a time X2 and a time ts represents a 
duration of, for example, one milli-second, for biasing 
signal 120. It should be understood that the period of 
biasing signal 120, clock signal 130. and reset signal 

45 140 is not limited to being one second. Shorter periods 
provide more frequent monitoring of battery cell 12 and 
battery cell 42 of power source balancing circuit 10 in 
FIG. 1 , but may drain the battery power faster. Likewise, 
the duration of biasing signal 120 is not limited to being 

50 one milli-second. A longer duration for biasing signal 
120 drains more battery power, but may offer more 
accurate assessment of the conditions of battery cell 1 2 
and battery cell 42. A time duration of dock signal 130 
and a time duration of reset signal 1 40 may also vary. In 

55 accordance with the embodiment of the present inven- 
tion as illustrated in FIG. 2, time t^. which represents a 
rising edge of reset signal 140, precedes time X2, which 
represents a rising edge of the basing signal 120. Time 
ta. which represents a falling edge of reset signal 140 
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precedes time t4. which represents a rising edge of 
clock signal 130. The rising edge of clock signal 130, 
time t4. is after the rising edge of biasing signal 120. 
time t2. and before the failing edge of biasing signal 120. 
timets- 5 

In operation, flip-flops 32 and 62 of FIG. 1 are reset 
by the rising edge of reset signal 140 applied at node 40 
at time t^ . Resetting flip-flops 32 and 62 results in a logic 
low voltage level appearing at the gate electrodes of 
FETs 16 and 46. The logic low voltage level develops a io 
voltage across the gate and source electrodes of FETs 
16 and 46 lower than the threshold voltages of FETs 16 
and 46. Thus, FETs 16 and 46 are non-conductive. 

At time t2. amplifier 18 and amplifier 48 are enabled 
by biasing signal 120 applied at terminal port 20. The is 
voltage of battery cell 12 is applied across resistor 22 
and the inputs of amplifier 18. The voltage across resis- 
tor 22 is determined by the current flowing through 
resistor 22. The current flowing through resistor 22 is 
equal to the current flowing through the drain and 20 
source electrodes of FET 24, which current is deter- 
mined by the output voltage of amplifier 18. If a small 
current is initially flowing through resistor 22, the small 
cun^ent develops a small voltage across resistor 22. 
Because resistor 22 and the inputs of amplifier 18 share 25 
the voltage across battery cell 12, a large positive volt- 
age develops across the inputs of amplifier 18. wherein 
the positive voltage indicates that the potential at the 
non-inverting input of amplifier 18 is higher than the 
potential at the inverting input of amplifier 1 8. A positive 30 
voltage at the inputs of amplifier 18 raises the potential 
at the output of amplifier 18, thereby increasing the 
gate-source voltage of FET 24. Thus. FET 24 becomes 
more conductive. As tiie current flowing through resistor 
22 and FET 24 increases, the voltage across resistor 22 35 
increases, which results in a decrease in the positive 
voltage across the inputs of amplifier 18. The potential 
at the output of amplifier 18 continues to increase as 
long as there is a positive voltage across the inputs of 
amplifier 18. The process continues until tiie voltage 40 
across the inputs of amplifier 18 is zero and tiie voltage 
across resistor 22 is equal to the voltage of battery cell 
12. Ukewise. the voltage of battery cell 42 is applied 
across the inputs of amplifier 48 and resistor 52. The 
voltage across resistor 52 is determined by the current 45 
flowing through resistor 52. The current flowing through 
resistor 52 is equal to the current flowing through the 
drain and source electrodes of FET 54. which current is 
determined by the output voltage of amplifier 48. If a 
small cun-ent is initially flowing through resistor 52, the so 
small current develops a small voltage across resistor 
52. Because resistor 52 and the inputs of amplifier 48 
share tiie voltage across battery cell 42. a large nega- 
tive voltage develops across the inputs of amplifier 48. 
wherein tiie negative voltage indicates that the potential ss 
at the inverting input of amplifier 48 is higher than the 
potential at tiie non-inverting input of amplifier 48. A 
negative voltage at the inputs of amplifier 48 lowers the 
potential at the output of amplifier 48. tiiereby increas- 


ing an absolute value of the gate-source voltage of FET 
54. Thus, FET 54 becomes more conductive. As the 
current flowing through resistor 52 and FET 54 
increases, the voltage across resistor 52 increases, 
which results in a decrease in the negative voltage 
aaoss the inputs of amplifier 48. The potential at the 
output of amplifier 48 continues to decrease as long as 
there is a negative voltage across the inputs of amplifier 
48. The process continues until the voltage across the 
inputs of amplifier 48 is zero and tiie voltage across 
resistor 52 is equal to ttie voltage of battery cell 42. 
Because the resistance of resistor 22 is equal to the 
resistance of resistor 52, the ratio of the current flowing 
ttirough FET 24 to the current flowing through FET 54 is 
equal to the ratio of the voltage of battery cell 12 to the 
voltage of battery cell 42. 

FETs 26 and 24 form a current mirror, and FETs 56 
and 54 Ibrm another current mirror. FET 26 is designed 
to have the same current corxJucting capacity as that of 
FET 24. This can be achieved by. for example, design- 
ing tiie ratio of channel widtii to channel lengtii {WfL) of 
FET 26 to be equal to the WIL ratio of FET 24. FET 56 
is designed to have a cun'ent conducting capacity 
higher than that of FET 54 by a predetermined amount 
such as, for example, one percent. This is achieved by. 
for example, designing the WIL ratio of FET 56 to be 
larger than tiie WIL ratio of FET 54 by one percent- The 
current flowing tiirough FET 26 is always equal to the 
current f bwing through FET 56 because FETs 26 and 
56 are in a series combination. 

FETs 28 and 24 form a current mirror, and FETs 58 
and 54 form anotiier current mirror. FET 28 is designed 
to have a current conducting capacity higher than that of 
FET 24 by a predetermined amount such as. for exam- 
ple, one percent. FET 58 is designed to have the same 
current conducting capacity as that of FET 54. The cur- 
rent flowing through FET 28 is always equal to the cur- 
rent flowing tiirough FET 58 because FETs 28 and 58 
are in a series combination. 

If battery cell 12 and battery cell 42 are substan- 
tially in balance with each other, the cunrent flowing 
through FET 24 is substantially equal to the current 
ftowing through FET 54, witiiin a range determined by 
the matching among FETs 24, 26, and 28. and the 
matching among FETs 54, 56. and 58. Because of the 
higher current conducting capacity of FET 56 than that 
of FET 54. tiie resistance between ttie source and drain 
electrodes of FET 56 is smaller than the resistance 
between the drain and source electrodes of FET 26. 
The voltage across the source and drain electrodes of 
FET 56 is smaller than the voltage across the drain and 
source electrodes of FET 26. The potential at the drain 
electrode of FET 56 and tiie input of inverter 31 Is at a 
high voltage level. The high voltage level at tiie input of 
inverter 31 is inverted by inverter 31 . resulting in a logic 
low voltage level at the data input of flip-flop 32. Like- 
wise, because of tiie higher current conducting capacity 
of FET 28 than that of FET 24. tiie resistance between 
the drain and source electrodes of FET 28 is smaller 
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than the resistance between the source and drain elec- 
trodes of FET 58. The voltage aaoss the drain and 
source electrodes of FET 28 is smaller than the voltage 
across the source and drain electrodes of FET 58. The 
potential at the drain electrode of FET 28 is at a low volt- 5 
age level, resulting in a logic low voltage level appearing 
at the data input of flip-flop 62. At time t4, the rising edge 
clock signal 130 is transmitted to the clock input of flip- 
flop 32 and to the clock input of flip-flop 62. The logic 
low voltage levels at the data inputs of flip-flops 32 and w 
62 are transmitted to the gate electrodes of FETs 16 
and 46, respectively. Because the gate electrodes of 
FETs 16 and 46 are at the low voltage levels. FETs 16 
and 46 are non-conductive. Therefore, neither battery 
cell 12 nor battery cell 42 Is discharged. 

If the voltage of battery cell 12 is higher than the 
voltage of battery cell 42, the current flowing through 
FET 24 is larger than the curent flowing through FET 
54. Because the current conducting capacity of FET 56 
is larger than that of FET 54 by one percent, the poten- 
tial at the drain electrode of FET 56 switches to a low 
voltage level when the current flowing through FET 24 
exceeds the current flowing through FET 54 by at least 
one percent. The low voltage level at the Input of 
inverter 31 is inverted by inverter 31 . resulting in a logic 
high voltage level appearing at the data input of flip-flop 
32. Because of the higher current conducting capacity 
of FET 28 than that of FET 24, the potential at the drain 
electrode of FET 28 is at a low voltage level, resulting in 
a logic low voltage level appearing at the data input of 
flip-flop 62. At time t4. the rising edge of clock signal 130 
is transmitted to the clock input of flip-flop 32 and to the 
clock input of flip-flop 62. Rip^lop 32 transmits the high 
voltage level at its data input to the gate electrode of 
FET 16, resulting in the gate-source voltage of FET 16 
being higher than the threshold voltage of FET 16. 
Thus, FET 16 becomes conductive, resulting in battery 
cell 12 being discharged through discharge resistor 14. 
The discharge of battery cell 12 continues until flip-flop 
32 is reset at time ty in the subsequent period. Flip-flop 
62 transmits the low voltage level at its data input to the 
gate electrode of FET 46. resulting in the gate-source 
voltage of FET 46 being lower than the threshold volt- 
age of FET 46. Thus, FET 46 is non-conductive and bat- 
tery cell 42 is not being discharged. 

if voltage of k>attery cell 1 2 is tower than the voltage 
of battery cell 42, the current flowing through FET 24 is 
smaller than the cun-ent flowing through FET 54. 
Because of the higher current conducting capacity of 
FET 56 than that of FET 54, the potential at the drain 
electrode of FET 56 is at a high voltage level. The high 
voltage level at the input of inverter 31 is inverted by 
inverter 31, resulting in a logic low voltage level appear- 
ing at the data input of flip-flop 32. Because the current 
conducting capacity of FET 28 is larger than that of FET 
24 by one percent, the potential at the drain electrode of 
FET 28 switches to a high voltage level when the cun'ent 
flowing through FET 24 is smaller than the current flow- 
ing through FET 54 by at least one percent, resulting in 


a logic high voltage level appearing at the data input of 
flip-flop 62. At time t4. the rising edge of clock signal 130 
is transmitted to the clock input of flip-flop 32 and to the 
clock input of flip-flop 62. Flip-flop 32 transmits the low 
voltage level at its data input to the gate electrode of 
FET 16, resulting In the gate-source voltage of FET 16 
being lower than the threshold voltage of FET 16. Thus, 
FET 16 is non-conductive and battery cell 12 is not 
being discharged. Flip-flop 62, transmits the high volt- 
age level at its data input to the gate electrode of FET 
46. resulting in the gate-source voltage of FET 46 being 
higher than the threshold voltage of FET 46. Thus, FET 
46 becomes conductive, resulting in battery cell 42 
being discharged through discharge resistor 44. The 
discharge of battery cell 42 continues until flip-flop 62 is 
reset at time ty in the subsequent period. 

At time ts, amplifiers 1 8 and 48 are turned off by the 
falling edge of basing signal 120, resulting in sensing 
element 25 being disabled. While disabled, sensing ele- 
ment 25 does not drain the battery power from battery 
cells 12 and 42. 

At time ty of the subsequent period, a rising edge of 
reset signal 140 resets flip-flops 32 and 62 to a logic low 
state, regardless of their previous states. Flip-flops 32 
and 62 place FETs 16 and 46, respectively, in non-con- 
ductive states. Power source balancing circuit 10 is in 
the same state as the state of power source balancing 
circuit 10 at time ti. 

Although power source circuit 10 of FIG. 1 is illus- 
trated as balancing two battery cells, it is not intended 
as a limitation of the present invention. A power source 
balancing circuit that balances more than two battery 
cells can be constructed from power source circuit 1 0 by 
including additional discharge resistors, discharge 
switches, operational amplifiers, current mirrors, and 
flip-flops in the circuits. 

By now it should be appreciated that a method and 
a circuit for balancing power sources has been pro- 
vided. The power source balancing circuit in accord- 
ance with the present invention is sufficiently small to be 
built on an integrated circuit chip and placed in the bat- 
tery pack. The method for balancing power sources in 
accordance with the present invention enables the cir- 
cuit for a short time interval for every time period. An 
important feature of the present invention is that battery 
power is not drained when the power source balancing 
circuit is not enabled. Therefore, the present invention 
provides an energy efficient power source balancing cir- 
cuit Furthermore, the power source balancing process 
of the present invention permits uninten-upted use of the 
battery pack 

Claims 

1. A method for balancing power sources, comprising 
the steps of: 

generating a first current by applying a voltage 
of a first power source across a first resistor 
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having a predetermined resistance value; 
generating a second current by applying a volt- 
age of a second power source across a second 
resistor having the predetermined resistance 
value; 

discharging the first power source in response 
to the first cunent being greater than the sec- 
ond current by an amount more than a prede- 
termined current value; and 
discharging the second power source in 
response to the second current being greater 
than the first current by an amount more than 
the predetermined current value. 

2. The method for balancing power sources as 
claimed in claim 1 , wherein the step of discharging 
the first power source in response to the first cur- 
rent being greater than the second current by an 
amount more than a predetermined current value 
includes the steps of: 

generating a third current equal to the first cur- 
rent: 

generating a fourth current greater than the 
second current by the predetermined current 
value; and 

discharging the first power source in response 
to the third current being greater than the fourth 
cunrent. 

3. The method for balancing power sources as 
claimed in claim 1 . wherein the step of generating a 
first current includes the step of generating the first 
current for a predetermined time interval in every 
time period of a predetermined duration. 

4. The method for balancing power sources as 
claimed In claim 3. wherein the step of discharging 
the first power source includes the step of interrupt- 
ing the discharge of the first power source before 
the step of generating the first current in a subse- 
quent period. 

5. A power source balancing circuit (10), comprising: 

a first discharge switch (16) having a control 
electrode, a first cun-ent conducting electrode, 
and a second current conducting electrode; 
a first discharge resistor (1 4) having a first elec- 
trode and a second electrode, wherein the sec- 
ond electrode is coupled to the second current 
conducting electrode of the first discharge 
switch (16); 

a second discharge switch (46) having a con- 
trol electrode, a first current conducting elec- 
trode, and a second current conducting 
electrode; 

a second discharge resistor (44) having a first 
electrode and a second electrode, wherein the 
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first electrode Is coupled to the first current con- 
ducting electrode of the first discharge switch 
(16) and the second electrode is coupled to the 
second current conducting electrode of the 
second discharge switch (46); 
a sensing element (25) having a first input, a 
second input, a common input, a first output, 
and a second output, wherein the first input is 
coupled to the first electrode of the first dis- 
charge resistor (14), the second input is cou- 
pled to the first current conducting electrode of 
the second discharge switch (46), and the com- 
mon input is coupled to the first electrode of the 
second discharge resistor (44); and 
an control element (35) having, a first input, a 
second input, a first output, and a second out- 
put, wherein the first input is coupled to the first 
output of the sensing element (25), the second 
input is coupled to the second output of the 
sensing element (25). the first output is coupled 
to the control electrode of the first discharge 
switch (16), and the second output is coupled 
to the control electrode of the second dis- 
charge switch (46). 

The power source balancing circuit (10) of claim 5, 
further comprising: 

a first battery (12) having a positive electrode 
and a negative electrode, wherein the positive 
electrode is coupled to the first electrode of the 
first discharge resistor (14) and the negative 
electrode is coupled to the first current con- 
ducting electrode of the first discharge switch 
(16); and 

a second t)attery (42) having a positive elec- 
trode and a negative electrode, wherein the 
positive electrode is coupled to the first elec- 
trode of the second discharge resistor (44) and 
the negative electrode is coupled to the first 
current conducting electrode of the secorxJ cfis- 
charge switch (46). 

The power source balancing circuit (10) of claim 5, 
wherein the sensing element (25) includes: 

a first resistor (22) having a first electrode and 
a second electrode, wherein the first electrode 
serves as the first input of the sensing element 
(25); 

a second resistor (52) having a first electrode 
and a second electrode, wherein the first elec- 
trode serves as the second input of the sensing 
element (25); 

a first operational amplifier (18) having a first 
input, a second input, and an output, wherein 
the first input is coupled to the second elec- 
trode of the first resistor (22) and the second 
Input is coupled to the common input of the 
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sensing element (25); 

a second operational amplifier (48) having a 
first input, a second input, and an output, 
wherein the first input is coupled to the second 
electrode of the second resistor (52) and the s 
second input is coupled to the common input of 
the sensing element (25); 
a first transistor (24) of a first type having a con- 
trot electrode, a first cunrent conducting elec- 
trode, and a second cun-ent conducting io 
electrode, wherein the control electrode Is cou- 
pled to the output of the first operational ampli- 
fier (18), the first current conducting electrode 
is coupled to the first electrode of the second 
resistor (52). and the second current conduct- is 
ing electrode is coupled to the second elec- 
trode of the first resistor (22); 
a second transistor (54) of a second type hav- 
ing a control electrode, a first cunrent conduct- 
ing electrode, and a second cunrent conducting 20 
electrode, wherein the control electrode is cou- 
pled to the output of the second operational 
amplifier (48), the first current conducting elec- 
trode is coupled to the first electrode of the first 
resistor (22), and the second current conduct- 25 
ing electrode is coupled to the second elec- 
trode of the second resistor (52); 
a third transistor (26) of the first type having a 
control electrode, a first current conducting 
electrode, and a second current conducting 30 
electrode, wherein the control electrode is cou- 
pled to the control electrode of the first transis- 
tor (24), the first cun-ent conducting electrode is 
coupled to the first electrode of the second 
resistor (52), and the second current conduct- 35 
ing electrode is coupled to the first output of the 
sensing element (25); 

a fourth transistor (56) of the second type hav- 
ing a control electrode, a first current conduct- 
ing electrode, and a second current conducting 40 
electrode, wherein the control electrode is cou- 
pled to the control electrode of the second tran- 
sistor (54), the first cunrent conducting 
electrode is coupled to the first electrode of the 
first resistor (22), and the second cun-ent con- 45 
ducting electrode is coupled to the first output 
of the sensing element (25); 
a fifth transistor (28) of the first type having a 
control electrode, a first current conducting 
electrode, and a second current conducting so 
electrode, wherein the control electrode is cou- 
pled to the control electrode of the first transis- 
tor (24), the first current conducting electrode is 
coupled to the first electrode of the second 
resistor (52), and the second current conduct- ss 
ing electrode is coupled to the second output of 
the sensing element (25); and 
a sixth transistor (58) of the second type having 
a control electrode, a first current conducting 


electrode, and a second current conducting 
electrode, wherein the control electrode is cou- 
pled to the control electrode of the second tran- 
sistor (54), the first current conducting 
electrode is coupled to the first electrode of the 
first resistor (22), and the second current con- 
ducting electrode is coupled to the second out- 
put of the sensing element (25). 

8. The power source balancing circuit (10) of claim 5, 
wherein the control element (35) includes: 

an inverter (31) having an input and an output, 
wherein the input serves as the first input of the 
control element (3^; 

a first flip-flop (32) having a clock input, a reset 
input, a data input, and an output, wherein the 
clock input is coupled for receiving a clock sig- 
nal, the reset input is coupled for receiving a 
reset signal, the data Input is coupled to the 
output of the inverter (31), and the output 
serves as the first output of the control element 
(35); and 

a second flip-flop (62) having a clock input, a 
reset input, a data input, and an output, 
wherein the clock input is coupled for receiving 
the clock signal, the reset input is coupled for 
receiving the reset signal, the data input serves 
as the second input of the control element (35), 
and the output serves as the second output of 
the control element (35). 

9. A battery balancing circuit (1 0), comprising: 

a first battery cell (12) having a positive elec- 
trode and a negative electrode; 
a second battery cell (42) having a positive 
electrode and a negative electrode, wherein 
the positive electrode is coupled to the negative 
electrode of the first battery cell (12); 
a first discharge resistor (14) having a first elec- 
trode and a second electrode, wherein the first 
electrode is coupled to the positive electrode of 
the first battery cell (12); 
a first discharge switch (16) having a control 
electrode, a first current conducting electrode, 
and a second current conducting electrode, 
wherein the first current conducting electrode is 
coupled to the second electrode of the first dis- 
charge resistor (14) and the second current 
conducting electrode is coupled to the negative 
electrode of the first battery cell (12); 
a second discharge resistor (44) having a first 
electrode and a second electrode, wherein the 
first electrode is coupled to the positive elec- 
trode of the second battery cell (42); 
a second discharge switch (46) having a con- 
trol electrode, a first current conducting elec- 
trode, and a second current conducting 
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electrode, wherein the first current conducting 
electrode is coupled to the second electrode of 
the second discharge resistor (44) and the sec- 
ond cun-ent conducting electrode is coupled to 
the negative electrode of the second battery 5 
cell (42): and 

a balancing element (15) having a clock input, 
a first input, a second input, a common input, a 
first output, and a second output, wherein the 
clock input is coupled for receiving a clock sig- 10 
nal. the first Input is coupled to the positive 
electrode of the first battery cell (12), the sec- 
ond Input is coupled to the negative electrode 
of the second battery cell (42). the common 
Input is coupled to the negative electrode of the is 
first battery cell (12). the first output is coupled 
to the control electrode of the first discharge 
switch (16). and the second output is coupled 
to the control electrode of the second dis- 
charge switch (46). 20 

10. The battery balancing circuit (10) of claim 9, 
wherein the balancing element includes (15): 

a first resistor (22) having a first electrode and 25 
a second electrode, wherein the first electrode 
serves as the first input of the balancing ele- 
ment (15); 

a second resistor (52) having a first electrode 
and a second electrode, wherein the first elec- so 
trode serves as the second input of the balanc- 
ing element (15); 

a first operational amplifier (18) having a first 
input, a second input, and an output, wherein 
the first input is coupled to the second elec- 35 
trode of the first resistor (22) and the second 
input is coupled to the common input of the bal- 
ancing element (15); 

a second operational amplifier (48) having a 
first input, a second input, and an output, 40 
wherein the first input is coupled to the second 
electrode of the second resistor (52) and the 
second input is coupled to the common Input of 
the balancing element (15); 
a first transistor (24) of a first type having a con- 45 
trol electrode, a first cun'ent conducting elec- 
trode, and a second current conducting 
electrode, wherein the control electrode is cou- 
pled to the output of the first operational ampli- 
fier (18), the first current conducting electrode so 
is coupled to the first electrode of the second 
resistor (52). and the second current conduct- 
ing electrode is coupled to the second elec- 
trode of the first resistor (22); 
a second transistor (54) of a second type hav- ss 
ing a control electrode, a first current conduct- 
ing electrode, and a second cunrent conducting 
electrode, wherein the control electrode Is cou- 
pled to the output of the second operational 


amplifier (48), the first current conducting elec- 
trode is coupled to the first electrode of the first 
resistor (22), and the second current conduct- 
ing electrode is coupled to the second elec- 
trode of the second resistor (52); 
a third transistor (26) of the first type having a 
control electrode, a first current conducting 
electrode, and a second current conducting 
electrode, wherein the control electrode is cou- 
pled to the control electrode of the first transis- 
tor (24) and the first current conducting 
electrode is coupled to the first electrode of the 
second resistor (52); 

a fourth transistor (56) of the second type hav- 
ing a control electrode, a first current conduct- 
ing electrode, and a second cun-ent conducting 
electrode, wherein the control electrode is cou- 
pled to the control electrode of the second tran- 
sistor (54). the first current conducting 
electrode is coupled to the first electrode of the 
first resistor (22), and the second current con- 
ducting electrode is coupled to the second cur- 
rent conducting electrode of the third transistor 
(26); 

a fifth transistor (28) of the first type having a 
control electrode, a first current conducting 
electrode, and a second current conducting 
electrode, wherein the control electrode Is cou- 
pled to the control electrode of the first transis- 
tor (24) and the first cun-ent conducting 
electrode is coupled to the first electrode of the 
second resistor (52); 

a sixth transistor (58) of the second type having 
a control electrode, a first current conducting 
electrode, and a second current conducting 
electrode, wherein the control electrode is cou- 
pled to the control electrode of the second tran- 
sistor (54). the first current conducting 
electrode is coupled to the first electrode of the 
first resistor (22), and the second current con- 
ducting electrode is coupled to the second cur- 
rent conducting electrode of the fifth transistor 
(28); 

an inverter (31) having an input and an output, 
wherein the input is coupled to the second cur- 
rent conducting electrode of the third transistor 
(26); 

a first flip-flop (32) having a dock input, a reset 
input, a data input, and an output, wherein the 
clock input is coupled to the dock input of the 
balancing element (15), the reset input is cou- 
pled for receiving a reset signal, the data input 
is coupled to the output of the inverter (31), and 
the output is coupled to the first output of the 
balancing element (15); and 
a second flip-flop (62) having a dock input, a 
reset input, a data Input, and an output, 
wherein the clock Input is coipled to the dock 
Input of the balandng element (15), the reset 
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input is coupled for receiving the reset signal, 
the data input is coupled to the second current 
conducting electrode o1 the fifth transistor (28). 
and the output is coupled to the second output 
of the balancing element (15). 5 
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